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Abstract.We explore the farmers’ perception of how different external drivers of 
changes in farming activities could lead to sustainability practices among wine pro-
ducers. The general assumption is that regulatory and market forces can change the 
production strategies of wine producers, which could eventually lead to the adoption 
of sustainability practices. We presented the percentage sustainability practice (PSP) 
as a novel way of measuring sustainability. We developed a structural equation model 
(SEM) with 13 hypotheses to test our assumption for the wine supply chain in Tuscany 
(Italy). Among the market forces, we found that wine growers perceived access to cred-
it to have a significant positive association with sustainability practices. We also found 
that the perception of change in regulatory instruments such as environmental regula-
tion and Common Agriculture Policy can lead to sustainable practice if they improve 
access to credit. Our research provides evidence for medium-large scale wine produc-
ers, emphasising their role as carriers of innovation in the movement towards sustain-
able wine production. 
Keywords: sustainability, wine, Structural Equation Model.
1. INTRODUCTION 
Wine sustainability seeks to balance economic viability, social equity and 
environmental soundness on the whole production and processing of wine, 
from grapes to wine and spirits (OIV, 2016). A review of the literature on 
wine sustainability show a growing interest in the drivers of sustainability in 
the wine industry that has mainly focused on the internal drivers (Dodds et 
al., 2013; Flores, 2018; Gabzdylova et al., 2009; Gilinsky et al., 2016; Merli et 
al., 2018; Pullman et al., 2010; Santini et al., 2013; Szolnoki, 2013). Indeed, 
the key drivers of sustainability in wine industries can be sufficiently divided 
into internal and external drivers. The internal drivers are the farm-level fac-
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tors, including the managerial attitude and human capi-
tal required for the change to sustainable production. 
The production cost and yield impact of switching to 
more sustainable practices. The strategic advantages that 
come with sustainability labels such as improving new 
market penetration, competitive advantages, corporate 
images and reputations are farm-level internal drivers 
of sustainability. The external drivers that may influence 
the decision of whether to adopt wine sustainability are 
pressures from outside. These include market pressure 
such as consumer demand, climatic pressures such as 
changes in weather, and regulatory pressures and incen-
tives such as environmental policies and credit incen-
tives from the government.
Despite the existence of multiple relationships 
among the internal and external drivers and their rel-
evance to wine sustainability, the research with evi-
dence on how farmers perceived these drivers is still 
poor. Our research explores how different perception of 
external drivers of changes in farming activities could 
lead to sustainability practices among wine producers. 
We used a Structural Equation Model (SEM) to visualise 
the type of relationships existing among the drivers and 
their significances from the winegrowers perspective. 
We concentrate on external drivers because only a few 
researchers have quantified the drivers of wine sustain-
ability beyond the internal factors (Santini et al., 2013). 
This strategy also allows a more concise evaluation of 
multiple variables. Our study contributes to the current 
literature on wine sustainability on three fronts. First, it 
constitutes an innovative attempt to employ an SEM in 
explaining the relationships of the external drivers of the 
sustainability practices of wine producers. Second, our 
study provides a unique way of measuring sustainabil-
ity using the Percent Sustainability Practice (PSP). Third, 
we provide robust evidence, testing the model reliability 
and the main research hypotheses through an empirical 
case study of wine producers in Tuscany (Italy). 
2. THE STRUCTURAL EQUATION MODEL: 
CONCEPTUAL FRAMEWORK AND HYPOTHESES
SEM is used to describe the conceptual framework 
for the relationship between the perceived external 
drivers of changes in farming practices and the level of 
sustainability practised by wine producers. The SEM 
measures unobserved latent construct by using several 
observed or subjective variables and imputes the rela-
tionships among them. The main advantage of the SEM 
is that it allows multiple and simultaneous testing of the 
magnitude and significance of the complex relationships 
between a set of variables. In Figure 1, the SEM is made 
up of circles which are connected by arrows. The single-
headed arrows define a causal relationship caused by 
the variable at the tail of the arrow, while open headed 
arrows indicate correlations, without a causal interpre-
tation (Hox & Bechger, 1999). We categorised the exter-
nal drivers of sustainability into two levels: the market 
forces and the regulatory factors. We make a general 
assumption that these two groups of external forces are 
capable of causing a change in the production strate-
gies adopted by wine producers, which could eventually 
lead to the adoption of sustainability practices (Rocchi 
& Gabbai, 2013). The market forces are the changing 
institutional arrangements that offer advantages to wine 
producers when they adopt sustainability practices. For 
example, the provision of a credit facility, changing con-
sumer behaviour for sustainable wines, and the chang-
ing market prices of wine (Bianchi, 2015; Santiago & 
Sykuta, 2016). According to Santini et al., (2013), these 
three variables are considered to have a much closer 
influence on farmers’ decision to engage in sustainability 
practices in the wine industry. Hence, we developed the 
first set of our hypotheses. 
Hypothesis 1: Access to credit to influence sustainability 
practices positively. 
Hypothesis 2: The increase in the market price of sustain-
able wines will influence sustainability positively. 
Hypothesis 3: The change in consumer behaviour towards 
sustainable wine will influence sustainability practices 
positively. 
The regulatory factors are perceived to inf luence 
sustainability practices indirectly through their effects 
on the variables of wine market forces. They include 
climate change, changes in environmental regula-
tions, and changes in international policy. Kertész & 
Madarász (2014) observed that environmental policies 
and climate change would probably be the major driving 
forces defining the direction of sustainability practices. 
Climate change may compel policymakers to change 
regional policy and local environmental regulations. 
For instance, in the European Union, the need to meet 
climate goals was the antecedent for introducing Green-
ing in the 2013 Common Agricultural Policy (CAP) 
reform (Merino, 2012). The CAP could influence farm-
ers’ adoption of sustainable practices in several ways: 
a) by promoting investments aiming at speeding the 
modernisation process of the wine producers (first pil-
lar payments). b) by ensuring a minimum environmen-
tal standard (greening and conditionality) or transition 
towards more sustainable farming systems (integrated or 
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organic productions). c) diversifying the farming strate-
gies with the inclusive engagement of local knowledge 
and territorial capital (Wine CMO reform)1. Emerging 
studies have shown that CAP policies have led to farm-
ers’ adoption of climate-friendly behaviour by curtailing 
chemical use and increasing crop diversity (Cortignani 
& Dono, 2015). 
Climate change may also be perceived to cause 
changes in wine regulations in the EU. According to 
Gaeta & Corsinovi (2013), the EU has changed its wine 
legislation in response to climate change. Some regu-
lations help to check farmers oenological practices 
and treatments to ensure quality wines (Vergamini et 
al., 2019). Climate changes also may influence farm-
ers to access credit facilities. For instance, Fraga et al., 
(2012) observed that the increasing evidence for erratic 
changes in the climate called for adaptation and mitiga-
tion measures which often require additional financial 
resources on the wine producers. In recognition of this, 
the EU through the Greening policy has committed up 
to 30% of the 2014–2020 budget providing non-repaya-
ble financial incentives for actions that improve climate 
change mitigation and adaptation measures at the farm 
level (Rossi et al., 2017). Climate change may also influ-
ence the market prices of wine. Relevant studies have 
shown that this could occur through its effect on the 
quantity and quality of the wine (Ashenfelter & Storch-
mann, 2016).
Finally, some literature connects changes in wine 
regulations with changes in consumers’ behaviour 
towards sustainable wine (Malorgio & Grazia, 2007; 
Pomarici & Vecchio, 2014; Sogari et al., 2016). These 
studies tend to suggest that regulations on sustainabil-
ity labelling may offer quality signals to wine consum-
ers, increasing their knowledge about sustainability and 
improving their willingness to pay for wine with sus-
tainable labels (e.g. the recent spread of organic wines). 
More so, the price of wine is an essential driver of con-
sumers’ willingness to pay for sustainable wine (Poma-
rici et al., 2016; Schmit et al., 2013). Hence, we propose 
the next set of hypotheses which look at the interaction 
between the farmer perception of the regulatory forces 
and market forces.  
Hypothesis 4: Changes in CAP policy could correlate with 
changes in environmental regulation.
Hypothesis 5: Changes in CAP influence wine farmers to 
access credit.
Hypothesis 6: Changes in CAP influence the market prices 
of wine.
1 See the proposal for wine CMO reform http://www.krir.pl/files/anali-
za_reformy_rynku_wina.pdf
Hypothesis 7: Climate changes could influence adjust-
ments in CAP policies. 
Hypothesis 8: Climate changes influence changes in envi-
ronmental regulation.
Hypothesis 9: Climate change influences access to credit. 
Hypothesis 10: Climate change influences the market pric-
es of wine. 
Hypothesis 11: Changes in environmental regulation 
influence farmers’ access to credit. 
Hypothesis 12: Changes in environmental regulation 
influence consumer behaviours.




We tested the hypothesised model with a sample of 
Tuscan wine producers who completed the producer’s 
survey of Sustainable Finance for Sustainable Agricul-
ture and Fisheries – SUFISA2  – A project which inves-
tigates the wine sector in Tuscany (Italy). The SUFISA 
survey collected quantitative data at the farm level for 
Tuscan wine producers3 . The survey drew respondents 
from a producer list collected by the Tuscany Region 
during the 8th edition of an international Business-to-
Business (B2B) meeting event in Florence in 2017 (Buy-
2 The purpose of SUFISA was to identify sustainable practices and pol-
icies in the agricultural, fish and food sectors that support the sustain-
ability of primary producers in a context of multidimensional policy 
requirements, market uncertainties and globalisation. The project has 
received funds from the EU’s Horizon 2020 research and innovation 
programme under Grant Agreement No 635577.
3 For a more detailed picture of the Case study analysis (Italian National 
report, deliverable D2.2) here https://www.sufisa.eu/publications/
Figure 1. Hypothesized Model.
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Wine Meeting). Most of the participants are medium-
large wineries from the Chianti Area, Siena and Montal-
cino. The questionnaire was triangulated during a stake-
holders meeting and tested through six pilot phone call 
interviews to improve data quality. We called a sample 
of 110 respondents: 80 of them responded to the ques-
tions on sustainability. After eliminating one case with 
excessive missing data, 79 cases remaining was used in 
the model. 
3.2 The Respondents’ Characteristics 
All the respondents are wine producers, represent-
ing vertically integrated wine farmers who participate 
in grape growing, wine production and marketing. The 
descriptive statistics of the respondents are shown in 
Table 1. It shows that different farm enterprises were 
represented in the analysis. These include individual 
farms (34.2%), family farms (35.4%), and private com-
pany farms (29.1%). The majority of the farm owners 
are male (69%), above 40 years (63.9%), and attended at 
least higher secondary education (97.1%).  Considering 
that data was collected from wine producers who took 
part in a B2B meeting in Tuscany, we assume that our 
respondents are interested in exporting wines to other 
countries. The survey shows that the respondents pro-
duce at a relatively medium to large scale. For instance, 
about 58% of the respondents have either a medium-
size grape land of 10 to 25 ha or large grape land size of 
more than 25ha. In terms of wine yield, about 73% of 
the respondents either produce at a medium scale (200 
to 500 hl per annum) or a large scale (above 500 hl per 
annum). These findings, therefore, represent market/
export-oriented wine producers in the Chianti Area and 
Siena and Montalcino in Tuscany who wishes to sell 
their wine in larger quantities. Following the SUFISA 
definition of the small primary producer, it is, however, 
worthwhile to note that most Tuscan wine producers are 
small and medium-scaled. 
3.3 Regulatory and market issues that are influencing 
farming strategies.
We identified the critical variables of regulatory 
and market issues perceived to influence the manage-
ment decision and farming strategies of wine producers. 
The six main variables selected during the stakeholders’ 
interviews include changes in market price, changes in 
consumer behaviour, and access to credit for farm inputs 
for the market forces; and adverse climatic conditions 
and pests; changes in environmental regulations, such as 
pesticide regulation; and changes in the CAP policy for 
the regulatory forces. These variables had been identified 
in the literature to be among the external drivers of sus-
tainability practices. The producer’s survey asked to what 
extent these issues have influenced the farming strate-
gies adopted by the wine producers. We used a 5-point 
Likert scale in the measurement. The Likert scale ranges 
from not at all (1) to strongly (5). For convenience and 
ease of explanation, the analysis was done by rescaling 
the 5-point scales to binary. The first three Likert scales: 
Not at all, Partly and Somewhat was recorded as No (0), 
and the last two, considerable and strongly were recorded 
as Yes (1). Hence, a Likert score of 4 or 5 shows that the 
underlying variable is a determinant of the choice of sus-
tainable farming practices of the wine producer. 
3.4. Calculating Percentage Sustainability Practices of Wine 
producers 
The complexity associated with the sustainability 
framework, with its three symbiotic components (envi-
ronmental, social, and economic) present difficulties in 
its assessment. According to Hayati (2017), there are two 
ways of assessing sustainability. The first is by evaluation 
at the component level that enables comparisons of the 
Table 1. Respondents’ Characteristics (n = 79).
Item Definitions Percentage (%)




Age of producer (Years) Up to 40 36.1
41 – 50 31.9




Education Lower Secondary 2.90
Higher Secondary 44.1
University 52.9
Type of Wine Conventional 65.8
Organic 34.2
Total yield (hl) Small (less than 200hl) 26.5
Medium (from 200 to 500hl) 25.3
Large (more than 500hl) 48.1
Grapeland (ha) Small (1 – 9) 42.3
Medium (10 – 25) 30.8
Large (Above 25) 26.9
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three components of sustainability, and the second is a 
systematic approach which was expressed as a function 
or aggregate of the different sustainability components. 
In our case, we analysed the aggregate sustainability of 
our respondent using the Percentage Sustainability Prac-
tice (PSP). The PSP represents the wine producers’ opin-
ions and perception of the extent to which their choice 
of production practices helped them maintain sustain-
ability. Unlike Zahm et al., (2008), who used count num-
ber index, our percentage scale approach is to increase 
the variability of the sustainability score. It also helped 
to satisfy the underlying assumption of SEM, requir-
ing that the endogenous variable must be continuous 
(Streiner, 2005). Instead of providing a dichotomous 
score for the sustainable and non-sustainable farm as 
done by Casas-Cazares et al., (2009), we assume that 
sustainability is a systemic process that should be meas-
ured in percentage level. The selected indicators for 
measuring sustainability are in line with the literature 
(Zahm et al., 2008). It includes 11 disentangled variables 
covering the three pillars of sustainability–i.e. environ-
mental (n=3), social (n=4) and economic (n=4) (Table 
2). For instance, the producers were asked whether the 
production choice (farming strategy) they adopted help 
them to maintain biodiversity. A Likert scale approach 
was adopted to retrieve responses ranging from 1 
(strongly disagree) to 5 (strongly agree). Following 
Bianchi, (2015), a reliability test was conducted to check 
the internal consistency of the indicators on the three 
components, and confirmatory factor analysis (CFA) was 
conducted for measurement validity. Furthermore, the 























where PSP = Percent Sustainability Practice
n = Number of indicators
X_i = Value of the ith indicator in the Likert scale of 
Environment component 
Y_j = Value of the jth indicator in the Likert scale of 
Social component
Z_k = Value of the kth indicator in the Likert scale of 
Economic component 
T = Maximum absolute value in the Likert scale
3.5 The Structural Equation Model: Assumption and Mod-
elling
The variables of marketing and regulatory forc-
es and the variable of PSP were combined for the final 
SEM modelling. The assumption of the SEM includes 
that there should be no missing value, the variables are 
to follow a normal distribution, they must be well cor-
related and have satisfactory goodness of fit (Streiner, 
2005). We conducted exploratory statistics to ensure 
that the first three assumptions were satisfied, while the 
goodness of fit was assessed through the SEM analysis. 
The SEM was performed using STATA 13.1GUI. The 
Maximum Likelihood Estimation method was adopted. 
The goodness of fit of the model was evaluated using the 
significant level of the Chi-square (Chi2), the value of 
the Root mean square error of approximation (RMSEA), 
Standardized Root mean square residual (SRMR), the 
Comparative fit index (CFI), and the Tucker-Lewis index 
(TLI) as suggested by Schreiber et al., (2006) and Strein-
er, (2005). Hence, a model with good-fit should have 
non-significant Chi2 test, the RMSEA and SRMR should 
be very close to 0, while the CFI and TLI values should 
be very close to 1. 
4. RESULTS AND DISCUSSIONS
4.1 The Marketing and Regulatory Drivers of Farming 
Strategies
The summary of the market and regulatory driv-
ers perceived to be influencing the farming strategies of 
wine producers is presented in Figure 2. Here, we con-
sidered the underlying factor as recognised essential 
driver of change in farming strategy if the respondent 
selected a score of 4 or 5 in the 5-point Likert scale. A 
summation result showed that the majority (62%) of the 
participants considered adverse climate conditions as a 
significant factor influencing their farming practice. This 
is followed by changes in consumer behaviours (57.7%). 
Others in rank order include a severe drop in mar-
ket price (30.1%), changes in environmental regulation 
(21.8%), and access to credit (20.5%). 
On the other hand, changes in CAP policy seem 
to play the least role in the choice of farming practices 
adopted by the participants (12.8%). As expected, all 
six factors are important drivers of change in wineries 
behaviour. However, the level at which the factors influ-
ence the producers varied, with changes in the climate 
perceived to be the most critical driver of change in the 
winery industry in the study area. As previously men-
tioned, changes in climate conditions often trigger sev-
eral series of changes both in the other regulatory and 
market environment that influence a decision towards 
the adoption of sustainability practices. Another vital 
factor is changes in consumer behaviour, which could 
motivate farmers to improve their farming practices to 
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maximise profit and remain competitive in the wine 
industry.
4.2. The Percentage of Sustainability Practiced by the Wine 
Producers
Using the PSP formula, sustainability was analysed 
as a function of the environmental, social and econom-
ic components. The description of the indicators of the 
components, their mean, reliability test, and coefficient 
of the CFA is found in Table 2. The standardised Cron-
bach’s alpha ranged from 78% to 92%, indicating a rela-
tively high internal consistency (reliability). The results 
from the CFA showed that all the standardised regres-
sion on the factor loading was significant (Chi2= 283.07, 
ρ > 0.000). This finding confirms that the indicators 
selected for measuring sustainability are consistent with 
the measurement model, providing robust support for 
the validity of the indicators. Generally, the mean PSP 
is 70.62%, implying that on average, 71% of the farming 
strategies of the wine producers in the study area was 
perceived to help maintain sustainability. 
4.3 SEM: Linking Drivers of Farming Strategy with Sus-
tainability Practices.
In this section, we examined the relationship 
between the drivers of the farming strategy and the 
adoption of sustainability practices. Table 3 shows a sig-
nificant correlation between changes in consumer behav-
iour and access to credit on PSP. Changes in consumer 
behaviour have a negative correlation; access to credit has 
a positive correlation. Although none of the regulatory 
factors has a significant association with PSP, our analy-
sis showed a significant correlation between some market 
factors and regulatory factors. This result provides the 
first base to support our claim that there exist intercon-
nectivity among the external drivers of sustainability. 
Moreover, almost all the constructs have skewness and 
kurtosis value between -2 and +2, being a sign of univari-
ate normality of the variables, providing a basis for test-
ing the significance of this relationship using an SEM.  
The goodness-of-fit estimation of the SEM showed a 
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Severe drop in market price
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Issues influencing Winegrowers Farming Strategies (%)
Figure 2. Drivers of Wine producers Farming Strategies.
Table 2. Percentage Sustainability Practiced (PSP) by the Participants.
The production choice you made help you to: Mean S. Dev β (CFA) Reliability Component Mean PSP (Total) 
Environment Maintain biodiversity 3.86 1.21 0.94*** 0.92 3.72 70.62
Maintain water quality 3.44 1.31 0.77***
Maintain soil organic matter 3.89 1.14 0.99***
Social Create a good connection with buyers and input providers 3.94 0.97 0.82*** 0.78 3.37
Connect with other farmers 2.67 1.29 0.61***
Achieve societal recognition of your farming 
activities 3.10 1.50 0.70***
Secure a successor 3.77 0.74 0.55***
Economic Maintain profitability 3.52 0.95 0.56*** 0.81 3.58
Invest in the farm business 4.03 0.77 0.75***
Sell the products in periods of greater difficulty 
where prices were low 3.41 0.84 0.65***
Cope with changing market conditions 3.38 0.76 0.91***
Note: Mean is based on Likert Scale response: strongly disagree =1, agree = 2,  neutral = 3, agree = 4, strongly agree = 5. 
*** is significant at the 0.01 level; **significant at the 0.05 level, *significant at the 0.1 level.
Chi2 value = 283.07, p >0.000.
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coefficient and their level of significance is presented in 
Table 4 and Figure. 3. Table 4 showed that the p-value of 
the Chi2 is 0.627; the RMSEA is 0.00, SRMR 0.039, CFI 
1.00, and TLI 1.062. The final column of Table 4 shows 
the hypotheses that were supported by the model, while 
this was represented with bold lines in Figure 3. Out of 
the 13 hypotheses, the path coefficients of 9 were found 
to be correctly predicted. 
4.4 Market Drivers of Sustainability
We consider the hypothesis of a positive relationship 
between the perception of market drivers of change in 
farming practices and sustainability adoption (Hypothesis 
1-3). The results supported the hypothesis 1 by showing 
that having access to credit has a positive and significant 
association with sustainability practices (β = 0.312, ρ = 
0.003). The model did not support hypothesis 2, as there 
was no significant relationship between changes in the 
market price and sustainability practices (β = -0.011, ρ = 
0.916). The model also shows that changes in consumer 
behaviour have a significant negative relationship with 
farmers sustainability practice (β = -0.295, ρ = 0.004).
To discuss why access to credit has a significant pos-
itive impact on the adoption of sustainability practices, 
we consider the higher cost of shifting towards sustain-
ability practice. Hence the wine producers that have 
adequate liquidity through credit access are more likely 
to a change in behaviour towards sustainability adoption 
(Goodhue et al., 2004; Santiago & Sykuta, 2016). 
Market prices are an economic feature that deter-
mines farmers supply, and it seems not to be a signifi-
cant factor considered by farmers in the adoption of 
sustainable wine production in our study. The reason for 
this is that wine is an experience good mostly influenced 
by reputation, customer loyalty, and recommendation, 
minimally affected by price (Ashton, 2014). Without a 
good reputation, premium wine even if it is sustainable 
may not attract high demand. 
Surprisingly, the result shows an inverse relation-
ship between the producers’ choice for sustainability and 
the attitude of consumers towards sustainability. This is 
probably because of the disparity in what the society or 
consumers attribute to be sustainability and the farm-
ers’ perception or vision of sustainability (Vergamini et 
al., 2019). Regional producers in Tuscany associate sus-
tainability with a value intrinsically linked to the terri-
tory expressed by the umbrella brand “Tuscany”, which 
consequently reflects its dynamics. If treated as an exter-
nal factor, out of their control - as consumer behaviour 
- this is perceived as inversely related to their choice. 
Regardless of how the market and therefore the demand 
will align with this value, the producers perceive that 
their choices currently in the direction of greater sus-
tainability could be upset by such a change. Conse-
quently, hypothesis 3 partially confirms the importance 
of demand but also the vision of producers as actors 
capable of stimulating demand and therefore, a change 
towards greater sustainability of wine consumption. 
4.5. Regulatory Drivers of Sustainability
On the regulatory side (Hypothesis 4 – 12), our 
hypothesis specifies that the changes in climate, chang-
es in environmental regulation, and changes in CAP 
policy would have an indirect impact on sustainabil-
ity through a change in the market environment. The 
result of the SEM showed that changes in CAP policy 
significantly correlated with changes in environmental 
regulation (β = 0.398, ρ = 0.000), supporting Hypoth-
esis 4. While changes in CAP policy were found to posi-
tively influence the market price for wine (β = 0.205, ρ 
= 0.05), it did not have a significant relationship with 
farmers credit access (β = 0.175, ρ = 0.103). Therefore, 
Table 3. Correlation Statistics between Drivers of Changes and Sustainability.
PSP I II III IV V VI Skewness Kurtosis
PSP 1 -0.05 0.04 -0.22** 0.24** 0.11 0.12 0.10 -1.15
I -0.05 1 0.38*** 0.11 0.39*** 0.28** 0.30*** -0.51 -1.79
II 0.04 0.38*** 1 0.17 0.32*** 0.22** 0.30*** 0.74 -1.49
III -0.22** 0.11 0.17 1 0.25** 0.33*** 0.18 -0.29 -1.97
IV 0.24** 0.39*** 0.32*** 0.25** 1 0.43*** 0.38*** 1.51 0.28
V 0.11 0.28** 0.22** 0.31*** 0.43*** 1 0.45*** 1.41 -0.004
VI 0.12 0.30*** 0.30*** 0.18 0.38*** 0.45*** 1 2.29 3.32
I = Adverse climatic conditions or pests, II = Severe drop in market prices, III = Changes in consumers behaviours, IV = Access to credit 
for farms consumable inputs, V = Change of the regulations, e.g. pesticides regulation, VI=  Changes in the CAP. ***. Correlation is signifi-
cant at the 0.01 level (2-tailed); **. at the 0.05 level; *at the 0.10 level.
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Hypothesis 6 was supported, but Hypothesis 5 was 
not. Changes in climate conditions were found to sig-
nificantly influence all the paths connected to it within 
the model. It has a significant direct relationship with 
changes in CAP policy (β = 0.298, ρ = 0.003), with envi-
ronmental regulation (β = 0.283, ρ = 0.005), with access 
to credit (β = 0.265, ρ = 0.006), and with changes in 
market price for wine (β = 0.320, ρ = 0.001). Hence our 
model correctly predicted Hypothesis 7, 8, 9 and 10. In 
addition, changes in environmental regulation signifi-
cantly influence wine producers’ access to credit (β = 
0.271, ρ = 0.010), and changes in consumers behaviour 
(β = 0.308, ρ = 0.003), hence supporting Hypothesis 11 
and 12. Finally, a change in the market price of wine 
was not found to influence consumers behaviours, sig-
nificantly rejecting hypothesis 13.   
Generally, the results show that the regulatory driv-
ers could impact on sustainability adoption if they lead 
to an improvement in access to credit. In line with the 
literature, our model predicts that changes in climate 
could be a factor influencing the introduction of instru-
ments that promote sustainable practices in both CAP 
and environmental regulations. Studies have shown that 
introducing the greening component in the CAP policy 
and other environmental laws is a direct reflection of 
the need to manage climate change (Gaeta & Corsino-
vi, 2013). Climate change also has a significant positive 
association with access to credit. This may indirectly 
lead to farmers’ adoption of sustainability practices. 
For instance, during erratic climate change, maintain 
adequate agricultural practices requires the provision 
of financial support for wine producers. In many cas-
es, they might rely on financial aid for adopting more 
restrictive and sustainable practices than mandatory 
ones (Cortignani & Dono, 2015). 
Our model also showed that changes in environ-
mental regulations have an indirect influence on sus-
tainability by improving farmers to access credit and 
consumer behaviour. While environmental regulation 
may encourage governments to provide credits to farm-
ers,  it could also enhance environmental awareness and 
concerns of consumers, which may result in a shift in 
consumer behaviour favouring a higher demand for sus-
tainable wine (Joshi & Rahman, 2015). 
Finally, changes in the CAP policy is explicitly per-
ceived to cause changes in market prices, but these 
changes do not influence farmers’ adoption of sustain-
able practices. Surprisingly, our results also show that 
changes in the CAP policy have no significant direct 
impact on farmers’ access to credit. It, therefore, seems 
Table 4. Path Analysis Result from the SEM for Testing the Hypothesis.
Item Statement β ρ Hypothesis supported?
Hypothesis 1 Credit access  ⟶  Sustainability  0.312 0.003*** Yes
Hypothesis 2 Market price  ⟶  Sustainability -0.011 0.916 No
Hypothesis 3 Consumer behaviour  ⟶  Sustainability -0.295 0.004*** No
Hypothesis 4 CAP  ⟷  Environment regulation 0.398 0.000*** Yes
Hypothesis 5 CAP  ⟶  Credit access 0.175 0.103 No
Hypothesis 6 CAP  ⟶  Market  price 0.205 0.05* Yes
Hypothesis 7 Climate  ⟶  CAP 0.298 0.003*** Yes
Hypothesis 8 Climate  ⟶  Environment regulation 0.283 0.005*** Yes
Hypothesis 9 Climate  ⟶  Credit access 0.265 0.006*** Yes
Hypothesis 10 Climate  ⟶  Market prices 0.320 0.001*** Yes
Hypothesis 11 Environmental regulation  ⟶  Credit access 0.272 0.010** Yes
Hypothesis 12 Environmental regulation  ⟶  Consumer behaviour 0.308 0.003*** Yes
Hypothesis 13 Market price  ⟶  Consumers behaviour 0.105 0.331 No 
*** is significant at the 0.01 level; **significant at the 0.05 level, *significant at the 0.1 level.
Figure 3. Result of the Path Analysis of the Hypothesized Model.
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that the CAP policy does not improve sustainability 
practices, yet considering that there is a significant cor-
relation between changes in CAP policy and changes in 
environmental regulation, it becomes plausible to assert 
that the CAP policy could only influence farmers’ adop-
tion of sustainability if the policy is related to environ-
mental issues, e.g. the greening policy. This explanation 
carefully means that non-greening direct payment poli-
cies may cause poor sustainability practices among wine 
producers.
5. CONCLUSION AND POLICY RECOMMENDATION
This study explored a visual path representation of 
the relationship of perception about the external driv-
ers of changes in farming strategies, and how they could 
lead to sustainability practices for wine producers. The 
SEM model used in the study linked perception with 
stated behaviour, which is quite an innovative way of 
understanding the enabling factors of transition towards 
sustainability. A growing literature recognises percep-
tion about external drivers and signals as a critical ele-
ment to explain transition towards the adoption of sus-
tainable practices (see, for example, Dessart et al., 2019). 
The main findings showed that among the market fac-
tors that were hypothesised to drive sustainability, access 
to credit is perceived by farmers to drive wine sustain-
ability significantly. The changes in market price and 
consumer behaviours do not.  Our result also shows that 
farmers perceived that environmental regulations could 
significantly drive the adoption of sustainability prac-
tices if they lead to the improvement in access to credit.
However, some limitations of the study should be 
stressed. First, the study draws information from Tus-
cany medium-large scale, export-oriented wine produc-
ers. We, therefore, cannot claim that the result is repre-
sentative of the Tuscan region nor could generalise the 
results to other areas or countries. Moreover, we adopted 
broad questions in our analysis, limiting our assessment 
to selected external drivers of sustainability. Further-
more, the model itself has a limited ability to explain or 
legitimise the nature of the relationship that we evidence 
through the analysis. However, the tool can be usefully 
integrated with more qualitative analysis in order to 
generalise some of the evidence we provided with their 
relevant policy implication. We refer to Vergamini et al. 
(2019) and the SUFISA deliverables concerning the Tus-
can case study for a more in-depth qualitative and quan-
titative analysis of the sector.
Nonetheless, some policy implications can be drawn 
from the study. To influence the adoption of sustainabil-
ity practices, it is essential to strengthening environmen-
tal regulations with credit incentives which could offset 
the additional cost associated with sustainability practic-
es. The research results apply to medium and large wine 
producers, who may have adopted sustainable produc-
tion to be competitive at the international level. They are 
crucial for innovation dissemination in the industry and 
may help trickle down the sustainable practices to small-
er wine producers. Therefore, establishing a channel of 
communication between the export-oriented and small 
scale local producers is critical towards the achievement 
of sustainable wine production. We recommend that 
B2B meetings for wine producers should be all-inclusive 
and open to small farmers. 
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